with the best conditions to perform well under certain conditions and objectives. Markets have always been at the centre of economic relations, and are dependent on the "institutional environment". Economic efficiency considerations have to consider at least three different aspects: production efficiency, consumption efficiency and governance/institutional efficiency. In many different situations, efficiency questions and analyses need to consider the existence of public goods, semi-public goods and a large set of situations were markets work poorly, such as the situations with significant externalities, scale/logistics problems, environmental conditions (natural and institutional), etc.
The example of CAP deserves attention at the world level for development purposes, mainly in regard to the enormous effort to support agriculture trying to avoid unfair trade procedures, which occurred in many situations, and correcting unfair trade impacts. The multi-functionality recognition of agricultural production activities, the social needs and income distribution policies along with the decoupled support measures have been crucial to promote regional development pursuing a lower negative impact in international terms (worldwide trade).
Global food supply, for the time being is not a problem, but hunger persists at very high levels (close to 1 billion people). Addressing possible solutions and understanding the phenomena is a very important research concern exploring and identifying possible contributions from science. In this paper efficiency questions are raised dealing with production, consumption and governance, "vis-á-vis" the food system and looking at possible science contributions.
Referential concepts and hypothesis
Economic development studies and knowledge, with its respective evolution, were prepared normally based on modelling economic systems and looking at comparisons of countries behaviour. Concepts and conceptual views and respective evolution are also very much related to the perception made about the real world system and respective evolution of thought, usually with a strong interaction with the most successful models. Hunger is an essential issue for every economic political structure aiming to achieve a sustainable development process, and belongs to the first set of objectives assumed by the United Nations (Millennium Development Goals) at the beginning of the 21 st century (in the year 2000, UN declaration).
The world situation regarding food availability and respective human social organization have been related and interdependent in such a way which is frequently not considered or even forgotten. However, since the beginning of the human civilization, food has always been a basic concern for human decisions and it is able to shape many of the structures developed, starting with the urbanization process. Indeed the world has been affected to the 4 th quarter of the 20 th century by lack of food, meaning a strong tension between food availability and population needs. With a systemic view and with an ecological perspective the human population has been very much "controlled" through "food availability" mainly in the 20 th century when human population growth entered into an exponential growth phase (the world had entered the 20 th century with around 1.5 billion people, and, at the end of the century, the world supported more than 6 billion people).
The FAO concerns (United Nations specialized Agency for Food and Agriculture) and mandate for feeding the world has been calling the attention to different food crises. One of the most important crises was in 1973, when Malthus theories were revisited. Indeed, at that time, Food Security concern received a new status and FAO first "gave the concept of food security a place in the international legal order..." (Boutros B. Ghali -Secretary General of the UN, speech at FAO 1996 summit) 1 . Indeed, since 1948 that security concerns have been on the Agenda of the UN, including food security. The Universal Declaration of the Human Rights affirmed that "Everyone has the right to a standard of living adequate for the wealth and well-being of himself and his family, including food...". Article 11 of the International Covenant on Economic, Social and Cultural Rights of 1966 called the attention to this fact when it affirmed the "right of everyone to be free from hunger". It is well recognized that "hunger" has been the essential issue in the international arena and that "food security" concept has been growing in substance with the time and development understanding that hunger and starvation, to be solved worldwide, have to be a multidisciplinary and multi-purpose objective and approach. However, it is also important to recognize that many times food is a "political issue" used in many directions and supported in many different disciplines and groups of interest, including science.
With the above description and brief discussion, what today is most comprehensive issue on the agenda is "a new terminology for hunger elimination objectives", which received a very basic, but internationally recognized definition of "food security". Indeed, one of the important achievements of the WFS -World Food Summit in 1996 was the approval of the definition of food security: "Food security exists when all people, at all times, have physical (social) and economic access to sufficient, safe and nutritious food which meets their dietary needs and food preferences for an active and healthy life" (FAO, 1996, with the term "social" added in 2002). According to Simon (2012) , the WFP -World Food Programme offers the following definition: "A condition that exists when all people, at all times, are free from hunger" (WFP 2009 in Simon 2012).
In the previous work of the author, for example in Carvalho (2014 Carvalho ( , 2013 Carvalho ( , 2011 Carvalho ( , and 1994 2 and the United Nations (1996) concepts and "official defini-1 Ghali speech at FAO summit (1996): "In 1973, when FAO first gave the concept of food security a place in the international legal order, we entered a new stage, for that made it possible a new universal level to define food policies, put in place strategies for action...". 2 Carvalho in 1994 defines food security as: "Segurança Alimentar é obtida para uma determina da população referencial, quando é possível assegurar a todos os elementos dessapopulação o acesso em termos físicos e económicos a uma adequada alimentação" (Food security is achieved for a certain referential population when it is possible to guarantee to all members of that population the access, in physical and economic terms, to an adequate food intake). tion", food security means availability and access, in physical and economic terms, to enough and healthy food intake adequate to achieve a good nutritious status in a continuous and permanent way/path in time and space. The author considers five dimensions as the main set of factors to be considered in studying food security: a) food availability; b) access to food -including logistics, transformation, conservation, etc.; c) utilization and consumption -including all variables related to food quality and nutritious values, but also all variables related to food consumption choices, such as education, habits and cultural background, etc.; d) stability of the previous variables considered (and also stability of risks and uncertainty factors); e) vulnerability of the system (including the resistance and resilience to external and internal shocks of the system). From this point of view, assuming a multi-factor and cross-section analysis to better address the food security equation, in the following paper, it is necessary to explore some of the alternatives at hand that can be possible solutions to be implemented resulting from previous research and applied development policies. The main hypotheses to be considered are the following: 1. there is a surplus capacity in food production (Europe and OECD countries) that should be directed to promote capacity of other countries to produce and develop their food systems; 2. regulations in the food systems should be seen as major elements to support markets (MK) functioning, and not constraints to MK forces; 3. governance, in several forms, institutions and consumption economics, are other dimensions to be integrated in the global development model to understand the food system changes and dynamics (beyond supply growth); 4. demand constraints and structural changes in the economy should be addressed based on the "food balance equation"; 5. the new "modern economy", based on non-tangible goods (virtual goods) and services, will also provide a new opportunity for the agribusiness activities; 6. health concerns and quality of life objectives will promote alternatives for food production and food consumption systems, which will show the advantages of the "food chain analysis" perspective; 7. value creation and sustainable development will be much more dependent on education and values coming from a well informed/educated society (with ethical considerations being included); 8. linkages of the food system with health and quality of life standards, will be crucial for development with sustainability considerations being one of the top priorities; 9. biological/organic/ecological food systems and the other food systems will evolve with a strong relationship between them, but certainly lower environmental impact is possible and desirable;
10. institutional innovations, starting with strong governance and adequate food policy are needed at global but also at local level if hunger is to be reduced significantly.
Exploring all those hypotheses and statements and respective questions behind them in one paper is not feasible, unless the purpose is to show the linkages among them and start a broad discussion of the fundamentals of sustainable development and food security issues, which is the case. However, data analysis and the use of some proposed development models, with the study of some real cases, will provide the results necessary to derive important conclusions.
Data analysis and facts
The data presented will show the food supply per capita growth in several regions at global and local level, and respective absolute levels ( Table 1 and  Table 2 ) in the last 50 years. With this information technological changes are put in evidence, but indirectly also some demand constraints, because trade amounts are relatively small in aggregated levels, and not significant in per capita change measures. Other information showing the interface between production and population derived from FAO, made clear that the average availability of food per capita is above 2800 kcal per day which is more than enough to feed the human population in the world in good conditions. However, hunger persists, showing our food system failure, which is mostly an institutional failure (not supply failure). The need for an integrated view, where regulations, markets and efficiency concerns can be part of a "system solution" (linking supply and demand, and demand and supply), is now clear. Table 1 incorporates, in the last column, the growth rate for the whole period which shows a very fast rate of growth in food availability on average per capita above 0.5% per year and per person. The figures below are quite elucidatory, but put in evidence that supply growth and even per capita growth availability of food did not solve the problem. The number of people suffering from hunger is quite stable -between 800 millions and 1 billion -in the last half of the century, but with significant improvements in relative terms up to mid-nineties. That is, in the last 10 to 20 years there were no relative improvements at all. However, when the analysis moves to food consumption in relation to certain types of foods, like cereals and meat and/or milk, it is quite clear that Engel's curve rational will appear showing that after a certain level of income no more consumption increase is expected per person. Adding to this the stabilization of people/population in many developed areas (no growth at all, or even decrease), such as Europe, the conclusion will turn out to be that consumption levels will stabilize based on local markets. Fig. 4 -the evidence shows that in per capita terms cereals consumption is not increasing any more in per capita average. Again, demand constraints are quite clear with this type of results, showing decreasing marginal utility with income growth and higher levels of food consumption, or even tendency to decrease in basic foods, such as cereals, because diversity in food consumption is expected and desirable.
Observed structural changes and case studies examples
Changes over time are expected in the economy, desirable most of the time, and can be designed to occur in certain patterns which have been identified by those studying and trying to understend the process of economic development. For example, the agro-related activities are supposed to decrease its importance in the economy (at least apparently...) when measured in terms of its contribution to the National Output (GNP -gross national product, and GDP -gross domestic product). Sector shares importance in the economy and respective evolution of agricultural but also industry activities are decreasing, with relative importance of services growing. Figures 5 and 6 illustrate those structural changes over time. The evidence shows the changes in tendencies over time, keeping in mind that agro-related activities are seen here as the ones related with production and transformation, but not all the other co-related activities classified in services.
The need for development models: some proposals
To better understand changes and processes of change, the suggestion is to use development models already in use in the literature, and also address connected evolution of concepts, such as the one already discussed, namely the food security concept.
The choice made is based on three different approaches, but all will be used for an integrated discussion. The referential models are the following: a) World Food Security Equation (WFSE); b) Induced Change and Innovation Model (ICI model); c) Demand Constraints Rational.
The first one, is a structural development model, which states that countries move through 4 different phases (Mellor and Johnston, 1984 , propose 3 stages, and the author in Carvalho et al. 2011 points out 4 different stages) going from a stage of equilibrium with nature (ecological phase) to a long period of lack of food (with demand growing faster than supply of food -second phase), to a third shorter period -one of surplus, with supply growth greater than demand and, finally, to a new relative equilibrium phase with supply and demand matching behaviours (a full market with good institutional and policy environment).
The second one, is based on the traditional Induced Innovation Model (Hayami and Ruttan, 1973 and and proposed derived model from Carvalho (2004) where the main rationale is to assume that changes occur accordingly with economic forces, where natural resources, technology, institutions and cultural background are all connected, and where markets and governments play a determinant role. The third one, links immediately with both previous models and the discussion moves from a dual economy perspective, from supply and demand sides, to a more holistic view where production is "taking over demand" that is, we are considering that production is indeed any activity where, from more than one input, with a certain technology we obtain present or future utility (we obtain a product/output, tangible or not, that has utility, present or future utility). Carvalho (2014) discusses this perspective where demand (and/or production of utility) is indeed the goal of any activity. Demand (production of utility) is the last step in the "production chain" which means demand is driving the economic world every day, with more intensive presence, since the world production capacity, in accordingly with economic forces, where natural resources, technology, institutions and cultural background are all connected and where markets and governments play a determinant role. The third one links immediately with both previous models, where the discussion moves from a dual economy perspective, from supply and demand sides, to a more holistic view where production is "taking over demand" that is, we are considering that production is indeed any activity where, from more than on input, with a certain technology we obtain present of future utility (we obtain a product/output, tangible or not, that have utility, present or future utility). Carvalho [2014] discusses this perspective where demand (and/or production of utility) is indeed the goal of any activity. Demand (production of utility) is the last step in a "production chain" which means demand is driving the economic world every day, with more intensive presence, since the world production capacity in general is now moving far beyond the human capacity to consume. The implications of this situation are now putting much more responsibility on the human choices, education and value system of our society. What is the goal and what we want to consume for an improved quality of live and wellbeing. The agriculture sector, very much linked with services from nature and envi- general, is now moving far beyond the human capacity to consume. The implications of this situation are now putting much more responsibility on the human choices, education and value system of our society. What is the goal and what we want to consume for an improved quality of live and well-being. The agricultural sector, very much linked with services from nature and environment, is now facing new challenges and opportunities. On food product markets, some new demands -such as the one based on biological/organic/ecologic production systems -will be growing, but quality of life will demand other services, landscape dimension, tourism, health needs, cultural traditions and other areas derived from services from nature will also be necessary. All these dimensions that are now being considered are very much linked to the multi-functionality recognition of agricultural activities, where the social dimension cannot be forgotten. The occupation of free time, the creation of jobs and social cohesion are clear contribution today and will be even more important in the future.
Food System Case Study: Portugal example in Europe/an overview
Portugal example in Europe can serve to test how useful the discussed models can be to explain the recent evolution "vis-á-vis" the expected structural changes, the European Union integration impact looking at the Induced Change model rational and combining perspectives, taking also into consideration the "demand constraints rational".
In economic terms, it is a well known fact that agricultural output share in the gross domestic national output is supposed to decrease, almost as fast as the economy can show high rates of economic general growth. However, what we can observe in the last decades is also a decrease in industrial share in the economy, with clear advantage for services. The data in Table 3 is quite important in terms of showing changes over time and, depending on many assumptions, it is important to compare those changes with other countries to understand how different or similar those changes have been (patterns identification). Table 4 allows comparisons but shows that industrial sector (+energy) is not increasing its share but indeed loosing importance in the economy in general. This can be seen also as expected, because consumption patterns are also changing, and Portugal behaved in similar terms as others.
From the consumption point of view, and looking into habits and cultural background, it is important to compare the country situation before looking into the specifics of the agribusiness sector. It is a well known fact that food consumption depends on income, but beyond a certain income level, consumption tends to stabilize or even to decrease in many food products, with more diversified diets.
However, cultural habits/endowments, and natural resources are also important factors with impact on the production and consumption systems (interacting and inducing some behaviours which differ from others).
The data for other European countries is given in annex 1. Poland, for example, is with 3392 calories per day per capita which is very close to the United Kingdom and other East European countries. The UK, for example, is not increasing its consumption in caloric terms for the period considered, and probably, for some other countries no increases will be observed in the near future. However, only two countries achieved the levels above 3700 kilocalories, i.e. Austria and Belgium. Most countries will probably reach the maximum between 3500 and 3700 kilocalories, where Portugal, France, Germany, Italy and others have already reached the level. Looking into Europe, it is a well known fact that there are differences in food habits among countries, and indeed Portugal has, probably, one of the diets considered most favourable to good health practices. Recently, introducing a clear institutional innovation -UNESCO classification of "Intangible Cultural World Heritage" -established the recognition of the Mediterranean Diet (2010-2013). Portugal is one of the countries recognized, belonging to the group. One of the characteristics defining the Mediterranean Diet is the high consumption of fruit and vegetables. Table 6 provides evidence that geographic localization in the Mediterranean area also produces a usual impact in terms of higher consumption of fruit and vegetables. Greece, Portugal, Italy and Malta are the ones with higher consumption levels (more than 300 kg per year per capita). Countries like Poland and Germany are located in consumption terms below 200 kg per year per capita. Income is certainly important, but there are other variables which make the impact much higher. Looking into the specifics of the food balance equation for Portugal, which should be achieving a similar behaviour to other countries in Europe belonging to the third or fourth phase, using Mellor and Johnston (1984) classification and/ or Carvalho (2013) classification, where consumption does not improve for food globally (that is, it is already not increasing in average with income growth, and there is no population growth) but where agriculture output is growing, the final result is also dependent on other variables, and in the last decades changing very much, dependent on the European Common Agricultural Policy (CAP). Table 7 provides data, able to bring a new perspective on the country situation regarding autonomy and dependence/interdependency in food availability (GAA -degree of self-sufficiency in food availability).
Globally, looking at the evolution in consumption per capita terms and looking also at the changes up to 1980-82 and after the EU integration (1986), what can be concluded, basically regarding consumption and dependency upon outside, is that there was the consumption growth up to 1990-92 and/or 2000/2002, with stabilization afterwards and/or slight decreases in levels of consumption, but a clear growth, regarding dependency upon outside. Looking at the position, degree of autonomy in production/consumption, up to 1980-82 and/or 1990-92 (considered before the EU) and afterwards in 2006-2008 (before food crises, and economic crises), considered after the EU, can be summarized like that (Table 8) : Table 8 Self-sufficient rates in Portugal, before and after the EU integration, measured in % of local production in regard to consumption. GAA% -degree of self-sufficiency Some obvious conclusions can be derived, starting with growth in dependency upon outside, mainly from the EU. The next question is to look at the sector behaviour in terms of growth and trade. What will be expected in a sound and wealthy dependency growth upon outside, mainly the EU as a result of the EU integration, will be to have greater relevance from imports in particular goods with no comparative advantages, but also specialization and capacity to improve substantially the export capacity.
To try a quick answer to the above question, let us look first at the global economy relationships, mainly the balance of trade, and after that at the food sector behaviour. Table 9 shows a relative short data trend, but enough to elucidate the main drivers of the economy. Portugal had a tremendous growth period up to 2000, the first 15 years of the EU integration, with great infrastructural investments, but with clear tendency for negative trade balance which achieved very high levels in 2000, but good growth rates in exports and imports. The recent crisis in regard to the balance of payments and debts, is now putting a strong pressure on the economy, forcing net trade balances which occurred for the first time in 2013 (after more or less 70 years of the country history -last time the net trade balance happened during the World War II in 1943). It is not the time and place to discuss the European crisis and Portugal reaction to it, but to face the numbers and look at the contribution of the agricultural sector to the economy, especially in regard to the "dependency" equation which is clearly rising as expected with integration, but always forcing new systems equilibrium. In regard to food security dimension, the concern for food sector dependency and interaction within Europe and outside Europe, goes beyond economics. There are concerns about national security, safety, risks and vulnerability among other dimensions. However, globally, and in some food systems the country is improving substantially.
What can be seen is a very high growth rate in trade areas, imports and exports. However, export growth is improving at higher rates for the agribusiness sectors in a very impressive way, allowing the conclusion that those activities are contributing strongly to improve the trade balance and balance of payments. Table 8 , above, also provided a confirmation of the success of the agribusiness sector in terms of openness to the international trade, showing the comparison with the overall economy but also to the tradable goods. With all those results, the next question will be how the agribusiness sector can be seen worldwide, and how significant it is in the economy of Portugal nowadays. The recent good results in growth, global output growth, after many years of relative low increases (anaemic behaviour), adding to some good leadership and crises in the economy globally, have made this sector very attractive and fashionable for the first time in many years. To put in evidence the relative importance of the country worldwide in terms of agribusiness activities, a selection of significant facts was identified, such as: 
Main conclusions and new opportunities for Europe
Portugal was almost 100% self-sufficient for the most part of the food products, with clear deficit only in cereals before the EU entry in 1986.
The EU relations are complex (more dependent and/or interdependent today), but in the last years the agro-system has been able to react in many sectors linked to technology changes and/or the international markets. The "openness" of the sector is impressive.
All the main important chains in the agribusiness are linked to technological changes and the international markets and/or do not face any demand constraints.
The country is very well adapted to good performances in crops and food systems where the eco-systems play their role in competitive terms (with high productivity rates in tropical, sub-tropical crops and/or from Mediterranean origin) and no demand constraints are "binding".
Consumption patterns and their changes are also very much in line with natural resource base and production activities (induced model test, for production and consumption). Europe is on the 4 th phase in the Food Balance Equation -(WFSE model) with "no need" to improve global production.
The big challenges are around "Quality" and Efficiency (including lower environmental impact in production activities) creating value, but certainly mainly in new forms, markets and services.
New demands, new niche markets and health concerns will be crucial, such as the case of the "biological/organic/ecological" production systems.
The overcapacity in the food sector in OECD countries should be turned into forms of support for LDCs (mainly tropical and/or sub-tropical countries) based on "knowledge" capacity transfer (not necessarily technological transfer which is not adapted, in most cases, to local conditions), with institutional innovation, giving priority to the ability of promoting sustainable development and empowerment of the food systems.
